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Abstract 
Research conducted over several decades indicated directed forgetting as an useful method for studying inhibitory mechanisms in 
cognition. Cognitive inhibition is an important ability in problem solving and reasoning. There are two distinct experimental 
procedures of directed forgetting. In the list procedure, participants are presented two list o words (1 and 2) for study and an 
instruction to either forget or remember follows the presentation of list 1. An instruction to remember follows the presentation of 
list 2. When asked to remember the words from both lists, participants instructed to forget list 1 show very poor performance for 
the words from list 1 but better recall for the words from list 2, compared with those in the remember condition. The directed 
forgetting effects in the list method are interpreted in terms of retrieval inhibition. In the item-by-item procedure, an instruction to 
either forget or remember follows the presentation of each word and the directed forgetting effects are interpreted in terms of 
differential rehearsal. The general aim of this study is to investigate a possible relation between secondary school students’ 
cognitive inhibition competencies and their academic achievement. In two experiments, involving fifth and eight grade students, 
both experimental versions of directed forgetting tasks were used for studying this relation.    
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  Dr. Zafer Bekirogullari of  Cognitive – Counselling, 
Research & Conference Services C-crcs. 
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1. Introduction 
In the last decades, cognitive inhibition has become one of the main topics of study in the mainstream cognitive 
psychology, and due to its implications it also gained a more and more influential place in the applicative branches 
of psychology: clinical, social, developmental or educational. This “powerful” and “seductive” “metaconcept” 
(MacLeod, 2007) has different definitions formulated by various authors. Harnishfeger (1995) defines cognitive 
inhibition in terms of active suppression of previously activated cognitive representations or processes, the ability to 
clear irrelevant or incorrect inferences from memory, and resistance to interference. Distinguishing the intentional or 
unintentional character of this process, MacLeod (2007) states that cognitive inhibition is “the stopping or 
overriding of a mental process, in whole or in part, with or without intention” (p. 5). From a cognitive neuroscience 
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point of view, cognitive inhibition is a component of cognitive control or executive functions, associated with the 
prefrontal cortex (Aron, 2007).  
Developmental studies show that cognitive inhibition abilities develop progressively from early childhood until 
the adult age and they are closely related to performance in a large domain of cognitive and behavioural tasks 
(Diamond & Taylor, 1996; Harnishfeger & Pope, 1996; Morath, Franklin, & Elbaz, 1998; Kail, 2002; Durston et al., 
2002; Lechuga et al., 2006). People’s competence in inhibiting irrelevant or unwanted information is critical for the 
focalisation of attention, accuracy of parallel processing, memory and learning, reasoning, decision and problem 
solving, planning, emotion regulation, social functioning and personal well-being. Different aspects of cognitive 
inhibition are studied in laboratory using a wide variety of experimental methods, such as: Stroop test, directed 
forgetting, Wisconsin Card Sort test, Eriksen flanker, think/no-think paradigm, task switching or negative priming 
(Aron, 2007).  
Problem solving is central a activity in Mathematics during secondary school. This complex activity does not 
simply involve knowledge transfer or applying previously learned formula, algorithms or procedures, in appropriate 
contexts. Successful and creative problem solving requires executive control, planning and metacognition (Mayer, 
1992; Bruer, 1993). The given information should be examined for relevance, and then inhibited or selected and 
integrated in the mental model of the solving process. Contextually irrelevant, inappropriate or redundant 
knowledge, mental representations, associations, ideas, processes or procedures will be actively inhibited in a 
continuous and dynamic manner during the solving process. Thus, voluntary inhibition might play a critical role in 
problem solving and in mathematical competence in general (Marzocchi, et al., 2002; Storm & Angello, 2010).         
A considerable amount of research proved the utility of directed forgetting in the study of cognitive inhibition in 
various experimental settings (Golding &MacLeod, 1998; Ohta, MacLeod, & Uttl, 2005). In this experimental 
paradigm participants are presented with a set of stimuli (in most cases words) and instructed to forget a part of them 
and remember the others. The common finding is that participants have better performances in remembering those 
words they were instructed to remember than the words they were instructed to forget (directed forgetting effect). At 
the same time, the directed forgetting effect is accompanied by an improved performance in remembering the words 
associated with the remember instruction (directed-forgetting benefit). There are two commonly used versions of 
this experimental paradigm: item-by-item and list, each of them involving distinct cognitive mechanisms. In the 
item-by-item procedure, participants are presented the set of words and each word is accompanied by an instruction 
to either remember or forget. The item-by-item directed forgetting effects have been observed in recall, recognition 
and implicit memory tests and they are thought to reflect differential encoding for the two categories of items, cued 
to remember or forget. In the list procedure, participants are presented with two lists of words for study. After 
reading the first list, half of the participants are instructed to forget it and the other half are instructed to remember 
it. The second list is then presented with a remember instruction and at the end all the participants are requested to 
remember as many words as possible from both lists, irrespective of the previous forget instruction. List directed 
forgetting effects are interpreted mainly in terms of retrieval inhibition (Bjork, 1989; Badsen, Badsen, & Gargano, 
1993; Johnson, 1994). 
The general aim of the present study is to investigate a possible relation between secondary school students’ 
cognitive inhibition competencies and their academic achievement. In two experiments, involving 5th and 8th grade 
students (9-10 and 13-14 years respectively), both experimental versions of directed forgetting tasks were used for 
estimating the participants’ cognitive inhibition abilities. For academic achievement two indices were taken into 
account here: the average grade obtained in Mathematics and the cumulative average grade obtained in all subjects 
at the end of the first semester of the current school year (2011-2012).       
2. Experiment 1 
The purpose of this experiment is to investigate the presence of a possible correlation between students’ cognitive 
inhibition competencies and their academic achievement performances. The experimental paradigm I used to study 
cognitive inhibition is directed forgetting, item-by-item procedure. The hypothesis is that secondary school students’ 
performances in the item-by-item directed forgetting task significantly correlate with their academic achievement 
scores.  
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2.1. Method 
2.1.1. Participants  
A total number of 41 students participated in this experiment on a volunteer basis.  They were selected at random 
from a secondary school in Alba Iulia, Romania. 20 students were in the 5th grade, aged between 10 and 11 years, 
and 21 were in the 8th grade, aged between 13 and 14 years.  
 
2.1.2. Design  
The experiment used a simple correlational design. The variables included into the study are the item-by-item 
directed forgetting effects and the students’ academic performances. Directed forgetting effects were calculated for 
each participant as the arithmetical difference between the correctly recalled to-be remembered and to-be-forgotten 
words, divided by the total number of correctly recalled words. Academic performances appreciated as potentially 
relevant in this study were the average grade obtained in Mathematics and the cumulative average grade obtained in 
all subjects at the end of the first semester of the current school year (2011-2012).   
  
2.1.3. Material 
 Two sets (lists) of 15 words each were used, the words being semantically unrelated and matched between the 
lists regarding their length and frequency in language. These sets of words were selected from a subscale assessing 
cognitive inhibition, part of a more complex standardized instrument designed to evaluate cognitive aptitudes in 
children and adults (Psychological Tests Battery for Cognitive Aptitudes – BTPAC, produced by Cognitrom SRL, 
http://www.cognitrom.ro/prezentare_btpac.html).  
 
2.1.4. Procedure 
In the item-by-item directed forgetting task, the participants were provided with the whole series of 30 words, 
each word being associated with an explicit instruction: remember or forget. To-be-remembered and to-be-forgotten 
words were presented in a mixed order. Participants were instructed to memorize only the words followed by the 
instruction remember. The words and their instructions were read aloud in front of the group of students at a reading 
speed of approximately 2-3 s/word. The evaluation phase consisted of a free-recall task, with participants being 
asked to remember and to write down on a sheet of paper all the words presented, regardless of the associated 
instruction. The time limit for free recalling was 3 minutes. 
2.2. Results 
The mean values of the correctly recalled words were as follow: in 5th grade students, the mean value of the 
correctly recalled to-be-forgotten words = 4.450 (std. deviation = 2.01) and the mean value of the correctly recalled 
to-be-remembered words = 6.75 (std. deviation = 2.74). In the 8th grade students, the mean value of the correctly 
recalled to-be-forgotten words = 1.857 (std. deviation = .96) and the mean value of the correctly recalled to-be-
remembered words = 8.00 (std. deviation = 2.73). The differences between the two age groups are graphically 
illustrated in Figure 1. Pearson correlations between the item-by-item directed forgetting effects and students’ 
academic achievement are presented in Table 1.  
 
Taable 1 
Pearson correlations between the item-by-item directed forgetting effects and students’ academic achievement in 
Experiment 1 
 
5th Grade 8th Grade  
Mathematics 
average grade 
Cumulative 
average grade 
Mathematics 
average grade 
Cumulative 
average grade 
Item-by-item  
directed forgetting effect 
r = .675** 
p < .001  
r = .522* 
p < .018 
r = .605** 
p < .004 
r = .499* 
p < .021 
To-be-forgotten words r = - .489* 
p < .029  
r = - .539* 
p < .014 
r = - .333 
p < .140 
r = - .313 
p < .167 
1398   Ioana Todor /  Procedia - Social and Behavioral Sciences  69 ( 2012 )  1395 – 1401 
To-be-remembered words r = .592** 
p < .006  
r = .331 
p < .154 
r = .514* 
p < .017 
r = .391 
p < .079 
r - Pearson correlation coefficient                                                                         ** correlation is significant at the 0.01 level (2-tailed)  
p – the significance threshold                                                                                 * correlation is significant at the 0.05 level (2-tailed)  
  
Figure 1  
Graphic representation of the mean values of correctly recalled to-be-forgotten (TBF) and to-be-remembered (TBR) 
words by 5th and 8th grade students in the item-by-item directed forgetting task  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3. Discussion 
 
As expected, the statistical data indicate the presence of notable differences in the item-by-item directed 
forgetting effects between the two age groups, 10-11 and 13-14 years respectively. As it can be observed in Figure 
1, the magnitude of the item-by-item directed forgetting effect, calculated in this case as the difference between the 
rates of correctly recalled to-be-forgotten and to-be-remembered words, is higher in 8th grade students compared 
with the 5th grade. At a closer look, it can be observed that the 8th grade students are better at remembering the to-be-
remembered words, the “directed-forgetting benefit” being higher in this age group. At the same time, the 5th grade 
students seem to have greater difficulties than the 8th grade students to voluntarily inhibit the set of to-be-forgotten 
words. The effects observed in the item-by-item directed forgetting paradigm being assigned by most researchers to 
selective rehearsal (Bjork, 1989; Badsen, Badsen, & Gargano, 1993; Johnson, 1994; Golding & MacLeod, 1998), 
the current results suggest that younger students (10-11 years old) have difficulties to use this strategy when they 
intend to inhibit irrelevant or unwanted information.  
The data presented in Table 1 show the presence of significant bivariate correlations between the item-by-item 
directed forgetting effect and the Mathematics average grade as well as between the item-by-item directed forgetting 
effect and the cumulative average grade obtained in the first semester, in the case of both groups of students. In 
other words, the students with better abilities to intentionally forget the targeted information (irrelevant or unwanted 
in real-life settings) also have better academic performances. The stronger correlations of the item-by-item directed 
forgetting effect with the Mathematics average grade (comparing with the cumulative average grade, Table 1) 
suggest the critical role that cognitive inhibition has in problem solving, mathematical reasoning and numerical 
tasks. 
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3. Experiment 2 
The general purpose of this second experiment is the same as of the previous one, to investigate the presence of a 
possible correlation between students’ cognitive inhibition competencies and their academic achievement 
performances. The experimental paradigm I used to study cognitive inhibition is directed forgetting, list procedure 
this time. The hypothesis is that secondary school students’ performances in the list directed forgetting task 
significantly correlate with their academic achievement scores.  
 
3.2. Method 
 
3.2.1. Participants  
A total number of 45 students participated in this experiment on a volunteer basis.  They were selected at random 
from a secondary school in Alba Iulia, Romania. 21 students were in the 5th grade, aged between 10 and 11 years, 
and 22 were in the 8th grade, aged between 13 and 14 years.  
 
3.2.2. Design  
The experiment used a simple correlational design. The variables included into the study are the list directed 
forgetting effects and the students’ academic performances. Directed forgetting effects were calculated for each 
participant as the arithmetical difference between the correctly recalled to-be remembered and to-be-forgotten 
words, divided by the total number of correctly recalled words. Academic performances appreciated as potentially 
relevant in this study were the average grade obtained in Mathematics and the cumulative average grade obtained in 
all subjects at the end of the first semester of the current school year (2011-2012).   
 
3.2.3. Material 
 Two lists of 15 words each were used, the words being semantically unrelated and matched between the lists 
regarding their length and frequency in language. These sets of words were selected from a subscale of BTPAC, 
assessing cognitive inhibition (BTPAC - Psychological Tests Battery for Cognitive Aptitudes, by Cognitrom SRL).  
 
3.2.4. Procedure 
In the list directed forgetting task, the participants were provided with the first list of 15 words to memorize. 
Then they received a mid-list instruction to forget these words (with the explanation that the words had been given 
only for practice). Then the second list of 15 words was presented and the participants were instructed to remember 
this list of words. Last, participants were asked to recall the studied words, including those they had been previously 
instructed to forget. The lists of words and the experimental instructions were read aloud in front of the group of 
students at a reading speed of approximately 2-3 s/word. The evaluation phase consisted of a free-recall task, with 
participants being asked to remember and to write down on a sheet of paper all the words presented. The time limit 
for free recalling was 3 minutes. 
3.2. Results 
In the list directed forgetting task, the mean values of the correctly recalled words were: in 5th grade students, the 
mean value of the correctly recalled to-be-forgotten words = 4.227 (std. deviation = 1.37) and the mean value of the 
correctly recalled to-be-remembered words = 5.909 (std. deviation = 1.99). In the 8th grade students, the mean value 
of the correctly recalled to-be-forgotten words = 3.571 (std. deviation = 1.80) and the mean value of the correctly 
recalled to-be-remembered words = 7.476 (std. deviation = 2.11). The differences between the two age groups are 
graphically illustrated in Figure 2. Pearson correlations between list directed forgetting effects and students’ 
academic achievement are presented in Table 2.  
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Figure 2  
Graphic representation of the mean values of correctly recalled to-be-forgotten (TBF) and to-be-remembered (TBR) 
words by 5th and 8th grade students in the list directed forgetting task  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taable 2.  
Pearson correlations between the list directed forgetting effects and students’ academic achievement in Experiment 2 
 
5th Grade 8th Grade  
Mathematics 
average grade 
Cumulative 
average grade 
Mathematics 
average grade 
Cumulative 
average grade 
List  
directed forgetting effect 
r = .425* 
p < .049  
r = .404 
p < .062 
r = .471* 
p < .031 
r = .073 
p < .754 
To-be-forgotten words r = - .387 
p < .075  
r = - .371 
p < .089 
r = - .286 
p < .208 
r = .097 
p < .676 
To-be-remembered words r = .284 
p < .200  
r = .246 
p < .270 
r = .292 
p < .199 
r = .312 
p < .168 
r - Pearson correlation coefficient                                                                         ** correlation is significant at the 0.01 level (2-tailed)  
p – the significance threshold                                                                                 * correlation is significant at the 0.05 level (2-tailed)  
  
3.3. Discussion 
 
As in the previous experiment, the data presented in Figure 2 show that the magnitude of the list directed 
forgetting effect is higher in older students (8th grade) compared with the 5th grade. This means that the 5th grade 
children are less able to voluntary inhibit irrelevant or unwanted information compared with the 8th grade, when the 
cognitive control mechanisms seems to achieve their functional maturity. Indeed, the lower performances of the 5th 
grade children to inhibit to-be-forgotten words are observable in Figure 2. Because the list directed forgetting effect  
is interpreted as an effect of retrieval inhibition, these experimental data suggests that retrieval inhibition abilities 
are developing with age. These are limited in 5th grade children and comparable with those of a young adult in 8th 
grade.  
The data presented in Table 2 show the existence of significant bivariate correlations between the list directed 
forgetting effect and Mathematics average grade, in the case of both groups of students (r = .425, p < .049 in 5th 
grade and r = .471, p < .031 in 8th grade). In 5th grade students the correlation between the list directd forgetting and 
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the cumulative average mean on the first semester might be also interpreted as being marginally significant (r = 
.404, p < .062). Again, the stronger correlations of list directed forgetting effect with the Mathematics average grade 
(comparing with the cumulative average grade) suggests the critical role that cognitive inhibition have in problem 
solving and in other mathematical activities. The absence of any significant correlation between the list directed 
forgetting effect and cumulative mean average grades obtained by the students might be due to the fact that these 
cumulative grades reflect the performances obtained by the students in a large variety of tasks, and probably in 
many of them cognitive inhibition does not play a crucial role.     
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